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°1 H o V ^£r «>£^7l^ *Hl <$<q ^ *fl2 #ofl Z]-Z]-'3flc 

^ #7l 4^- ^^t} Jf-*j o_ 2,71 TflojE ^^§>JL, ^"71 *fll ^ 

^12 <3*j vflofl ^ #71 3fl£L ^^^1 #71 oV5L*H7l^ ifl<*fl *fll 

^}^^ 31 ^71 ^7l Ji^<y- TflolH ^^-fr ^r-f-^^^i ^"71 H]r£^l7l^: ifloH nfl 
^12 ^7>>^-e1^ ^*Hr ^%<L3. tbcf. oJ-el-A-l, #71 l ^7}£-e]^Hl 

X\&<& TflolH ^*}7l $]f>}^ #71 2)1 JE. ^^^ V * 

*H7l£Rr #71 *fli ^7>^-el<3|2l 7>#7]-sl <3 <*H ^i)^ <3<*(<fflB °$ 

£ 13 
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^{Fabrication methods of a semiconductor device having multi-gate insulation layers 

and semiconductor devices fabricated thereby} 

51 1 tfl^l 5L 3£r #Hfl^ B31*l di^Bl 7l#* ^^^>7l ^tr ^Slrol^. 

£ 9 vfl^l £ 13^- 4^- aVE^i*}-^ ^wj-^o. ^^^ 7 ] 

£ 14 vfl^l £ 18-8: ^HHl ^r£.^^>^ « c v ^* 

*>7l 
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^*Rr 34, ^71 *fl^ ^7}^^* ^*Kr 3-8: itg-^4. 

<8> £ H^l £ 3^ ^efl^l ^7V^ 7l## ^^*>7l ^tb ^S^^cf. 

^^tf. ^"71 H^^liEi ^^(A)^ #efl£) ^l-Esl 4i7>s) ^ o^o] <g 

^ S^r ^3 ^lS-e] 4:7>^ <3<*£] ^ olcf. a o V 7 ] 

(5) ^ ^H — ^-5K(3)-g- sflE^^H A o v 7l «V£^7l^r(l)^ i^^M: 

^(D* H ¥4, #7l 7^<y- E^fl^^Ei <3<*(A) MH *\U ^ 

(9b)°l ^-7} *fll S^^l ^^#(9a)^ ^-71 7^<y- 2.^ B^l^ <^^(A) 

i4H Al #^^^#(7a)^r tb^*>31, ^7] *)]2 ^^*(9b)^r ^7} JL#<# 
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H^^l^El <33(B) *ll2 %^^^l-(7b)^: #7] *fll ^ *fl2 B31*l ^ 

l-(9a, 9b) vflofl ^ m 4i^em-#(lla) ^ *l]2 ^}f2l D -lt(llb)|- ^ W. ^ v 
7] *fll ^ *fl2 i^el^-l-(lla, llb)^: -arS^^S tg^t}. 

5^(3)* ^ ^7) *fil ^ *fl2 «-^<^^l-(7a, 7b) # zi ^uzf, 

^"71 *fll ^ *fl2 4l7>^-^n]-i-(lla, llb)^ 7HJ-7}el ^^#ofl *fll Sl^]i^ <^ <*j # 

(13), ^ €B ^IrCdent regions)^ ^l^i, #7l afll 5^1^ <3^S 

(13)^ tiV5L^7l^# <£*V^}7)°] #7] %^ c g^ : &(7a ) 7b) 7\}<=>] 

B ^3^(15)^ ^tH}. ^71 ^1 TflolB <lVsH-(15)^ ^ ^*3*Hr -f^ 

S-i H^l^ <*) TllolH ^-71 *fll TlMB # 

5|-^(15)^ ^7>^^-, #7] 7^2 #^^^#(7b)^ #JfL 2U| A]l A\ 

°lB ^2KKl5)^ -^-^l^ ^Vcfl^o.^ $c°\Qt\. ©13 3: thinning 
effect)^ IrSl-^c]-. 

<n> £ 3^- ^S*}^, ^>7l -2-^ B^l^Bl <3<*(A) vflsj ^7} TflolH 

5K V (15)# ^Tjis}^ ^"71 *fll «-^<3^-i:(7a)* ^#^1^1^-. O. ^7} 

m ±7}^^aia)^] 7>^>Bl ^^#^1 #7] *))1 B^i^ <3<* 13)^ 1=1 H£ 

*112 <8^#(13a)<>l <=>1 <H -^i , #7l *fl2 <3^1-(13a)^- 

tiV£^l7l^ <1^2|-A|7|^ <#7] *fll #^^^l-(7a) #o)l ^"71 *fll 711 o]H ^:5l-^-(15) 

^ ^12 711 °1B. ^>5}-^(17)# °lnfl, #7l ^12 %^<^l:(7b) #3 • # 

71 ^1 TIME a>3^(15)£t 7]2) Qrfetf. , ^ ^1 1 Til H 

(15)^: Zl^^ 3^7] 7]2} 
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5Hr4. 3.^5. 1-^^31, #7l 312 i*l-^:Sm!;(llb)^ 7>#7>ii| <%<q^*\] 
#7l 3U &H1^ ^^#(13)^1 #^*raL, #7l 3U 4i7}^e^^-#(lla)^ 7}# 
7>&1 <8«IM #71 3U sMl^€ ^^#(13)^ 3 ^ 3l2 ^^-l-(13a)6l 

#71 *112 711 °1B #s|-^(17)^- Sf-SHr #£31 71^:21 #<Hl 3HB 

(19)-§: ^#th}. #7l 3HH #5^(15)^- JL#<& 3.^ ^^}^]S] 

7]]o}^ *i<£*\ <*^§; is\5L, #71 31 2 3MB #5j-^-(17)^r 3.^ H^^l^E^ 

31<3H Q<&^ tr^f. °1 <=H , #71 3MB £€^"(19)^- 3flBl^3r>^ ^ ^> 

^^^l-(7a)^ #-^« 7>S.^1=^ 3U 71HB ^^-(£7.1^1 ^ #71 ^112 ^#<3 

^#(7b)^l #^-» 7}i^l=^ 312 3MH ^^-(£Al^l ^-g-)^ 

#^*r w r £f ^-o] ^eflo) 7 |^oil tcf5^ > zL^<y- S^^l^Bl tfl^l *112 

4i7>^- si 5|l-5l 7l-#7>sl <8^#ofl eHl^€ ^^slJi, 7-1 _s.i B^fl 

*l^Ei 3U ^7>^-e)a}-l;5l 7MJ-7K] ^^l-oll #7l 3l 1 SHl^ <*j ^jjM} 

c) ^112 eMli^ ^#^rf. olofl 4e^ ( 2.^H^^1^b^ ^^.^ 

efl#^ ^(subthreshold characteristic)^: #€• JL&Q £i B^liEl^l *jw_2:5ll 
^-#<3. ^*1 *1 ^1, #71 312 %#^^§(7b)Sl 7>#7}sl £^ 

#7l 311 3MB ^^^"(15)21 #71 312 %^^^l:(7b)^ ^#^- #<Hl 

#7l 311 31<3B ^^^-(15)^1 -t^HI wl^H #cfl3-°-S gh^E.^, 5L&<& £i B*ffl*l 
TllolH ^(breakdown voltage) <3 ^*1*1 ^c>}^. ^q°_S., 

U S-^L H^^l^E-lSl #Sl^ol T^^t}. 
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<14> *V^, ^7} <3^-Ir°l ^^5]^ ^l*>7l ^*r°} ^>7l^t S^l^l i 

7l-^-&| 7l#(self-aligned trench isolation technique)^] ^1^^ &4. #7} 7}7l^ 
1 H31*l ^7>^-^ ^16,222,225^^1 "ti}£^l4i7> ^ ^S^^ 

(Semiconductor device and manufacturing method thereof )"2r^ *H^-iL.5L M-^r^ 5 } 
(Nakamura) ^1 7flA]^ w> oii}. 

<15> £ 4 i^^l £ <#7] *)^*\ *H6,222,225J<oll 7l)X|^ ^7] 7>7l^^ H^*] 4i 

7>^sl 7]<^g- ^^*>7l ^tr c^SlrolJl, £ 8 o. ^. 7l nj-^s.^ *ll 6 ,222,225:^1 4 

€" 71-71 ^ ^ S3]*) 7l#o1lAi ^ ^ &*H^* ^*>7j ^ 3|^ S 

°14. 

<16> £ 41- *rJ£*ll 7l:&(21) -tfofl 711 °1B. *t<3^-, *fll -?--n-7llolEn]- ^ ^e) 

# <g^^O.^ ^E-l^^H 0>£^7l^:(21)^ ^c^^o. ^AlfiCf. O^^, ^1-71 

a Jri^l7l^;(21)# AjEij^ o.^ ^l^H %^^^l-(22)^; tM^Hr 
^■(23)* ^^trcf. 3- ^*r, ^"71 %^^«^-i-(22) ^Hls e^aVs)-^- 

(25), *IU ^--B-TflolH sfl^(26a) ^ <3*r*1*l^- 2^(41)01 ^^t}. cgn>^^^- 
3fl^il-(41) <#7] ^^*(23)-ir ^fl-f^r ^<S^-(24)* ^^tr4. 

<17> £ 5» &^}&, <#7] <£v}z\x]^ ^%(41)o] nv\7\ ^7} ^^^-(24)^- 

*%Q^}7]°\ ^-71 ^^l-(23) vflofl i7>^-s)^-l-(24a)# ^^tr4. # 

7} ^r^l 1 ^ 3fl^l-(41)# ^ I» -° 5. #7] *tfl ^Ml <>1 e Bfl^# 

(26a) ^ ^#A]fJnf. zl ^7} ^-g-B] ^"I-(24a)£r #7l *fll -^^MM^ ^^s. 

(26a)£] ^-cfl^o.^. o]d]) c^H, 4V7) ^7>^-E)°fl-(24a)^ 
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##^-»^r £ 5<>fl ^ -§-^ ^a>^1 ^-§-( ne gative sloped sidewal ls)-§- 

5^4. 4*1 ^^i, A oM ^ 3*}*! ^(inverted tapered 

shape)* J!£<?m. ^71 ^a>^1 ^Bflcq ^^s.^- J^tS^M ^[^ (performance)^: 

<is> £ 6-i- ^-S*}^, ^7} ^*>£-e]4#(24a)^- -§- y o v ^ ^^"^^ 

^ ^*r*l ^(positive sloped shape)^. ^(convert) . n. €4, S. 6 

ofl £*1€ 44 ^-o] ^-7) ^4^3 41" (24a) 51 7>^>el <g<3S°fl eMl^€ ^IrCR) 
°1 ^€4. <^7H, #71 ^14^^ ^7l eMl^g ^^#(R)°1 ^-71 Ei^AV 

S}-4(25)# ^#Al7]^] g>51^- 3^*1 ^*3€4. 444, #7l sM1^4 ^^lr(R)^ S. 

<19> J£ 7# #2:^, #7} 34 ^€ ^^ll-CR)* ^ ^r£^7l^ Ajofl ^2 ^> 

-°r7flolE^ ^^*Vcf. A o V 7 ] «.o. 7 |lolE B ]-^. sflE^^H ^71 #^^#(22)-|- S 

*ll2 ^--prTllolH 5flH#(26b)* ^tb4. #7l *fll ^ *)]2 ^MMMH 

4^1-(26a ) 26b)£: ^--frTflolH ^€(26)^- ^W4. °1<H4 , ^MMMB *H€# 

(26)^- ^ ^Hl 7JMB #7>^<?!^-( inter-gate dielectric layer; 

27) £ ^|«H7flolE ^^-nv^ ^ s *g^4. 

<20> Tfl^slH, ^-7) ^HTflolH #^4, TflojB ^"(27) ^ ^-°r7flo]H ^€1- 

(26)-§- sflE^SH ^-71 *^<8^-&(22)4 7}S*] s-xr afl^MH ^ 

^i-(28)4 4"§-e14 ^-7] ^l^TflolB #^-(28) £ #7l t^<8^f (22)'4°H « 
€ -?-^7flolH«-(26)^- ^tr4. °H, £ 8oll H4€ u><q. g-ol o] ^7l 

^7flo)E ^^-=-(28) 4°1^ ^- 7 1 ^«. E )^-s. ( 2 4a )o) 7>^-7>E) ^^-i-oll iH^Tll- 
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(stringers; S)°l ^€ t 9X*\. iH^7jf(S)^ £ 6<Hl iL<^3l #7l ^Ml^s} 

(26b)^ *M^-( residue )ofl «fl^cf. 

^ 7l^^] n)-^ ^2;^ i^Sl^#^r £r*)l^#* °>7H^ ^ ^c}. 

<22> £ ^-^o] o)=ji7> 7l#^ TflolH *i<£^-§- ^ ^£^^7> 

ofl 5a°H s.^ H^H^l^Bi^ 7i]o] e ^<a^ ol^tr ^7>^-e)^-^ 7H > 7>e)ofl 

^l^l ^3^r ^ °oM^ <r tiV£^1^7>^ ^ ZLoll <q*fl 

<23> ^-^o] ol=j7^V ^ 7l^^ i=f# 7fl°lH ^<2^#-8: ^S.^} 

±-*M 91°]^ z\$.<& 2-^ H^^liE^ TllojE ol^^j. ^^.^^ 7 \^t\ 

^Hl ^£)tt BHl^ So]!- a^sH*] ^ oi^ aVs^^H ^lS^ ^ 

J£^1^7H ^r"^^ 7HM-5H S]^l^^ ojo^^ol ^5}^ ^ ^-£-3-° 

<25> ^-7} 7l#3 olf^l-^- ol^-7l £ 4^ 711 olH ^J£ 
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^l2: y o V ^l:^ ^XlX^Sl XI l <3<X ^ XI 2 <3X -S-ofl X"X" X)i= ^ #7l XI = 

i^ D -]-i4 xi xh ^x-a- x-b-xi, #x xn ^ xi 2 ^x 

XH zj-zj- #X XI ^X"* #X tiVHXl7l^r XH X|U€ XI i i* r £-e^ 

^ #7l 2:71 X1°1H ^X-fr ^f-Sr'M -8-71 ^-S.Xl7l^: XH X) ^ Xl2 

*}«^nKg- 7§#*>^ ^-t- ^%SL3. n^X, #X ^>«^nVoll X] 1 

«T#<S^ #Xl X#°J- XMH ^X"* ^^VX ^*r<X #71 XI S. ^X"* XlX^Kr 

^71 Xll ^X-^X"X 7>#*}el <3<XX1 XXl^€ ^XC^lB. ^^)X 5 

X» 2^3^ ^ #X XI 2 iX-grsms] 7>#X-e| <3XXl €B ^X^l ^Xir 

3# «r^«l y oM« ^ &X-. 

<26> ^ ^X ^ °<J=XN nij-e Tg t X1°1B €^X-1:# ^ «>£X14:7>X XI^U 

X Xl^-^cf. o] ^^oj- ^0=} ^ -z^oj <go^ g^r «>£Xl7l^ §«l*Br £ 

* i^-W. #X jl^tf XIX #X ti>HXl7l^; ^ #71 X#<y- ^X XIX #7l 

^:£Xl7l^: #°fl X"X" ^7l JL*l<y- XHB ^<£X-(initial high voltage gate 
insulation layer) ^ #7l ^7l 5L*[<# XMB ^X^^r gl=-8r XI = ^X^ ^^tb 

x-. #x xi ^ ^<sx- ^ #7i s7i xixb ^<ax- #xi xmi-^a- 

^^tl-X-. ^-71 = XI Ell: ^- XX" XiHS X~g-*1-<X #7l XI ^X", #7l 

^7i ji^<y- xixh ^x- ^ #x «>£xi7i^ ^ix-^x ^-7i x^ ^x ^ #71 

^X X1X1 X-X" XI 1 ^X* ^ X12 H^*l <XXl-l: ^^W. #X Xll 

B^IX ^Xl:^ #X X^Sh ^X XH Xll #^^X*# tr^*}^, #X Xl2 
^X-l-^r #71 Ji^^ ^ XI XI X12 «-^^X#* tb^^X-. #71 Xll ^ XI 2 H^^l 

XH X"4 XI 1 ^ X12 iX§e]Xtt ^^t!:X-. ^1 n>^a. Xl^l: ^ #X X] 
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°H*1, i^t^ *Hl »^<a^* #°H ^71 2:71 3L^<S 7\)o)^ 

<27> # 7 ] 7<\#<& 7-1 ^<y- S.^ B^^l^Bl °j<2Hl *fl^>^l, #7l JI*}^ <^ £r 

Jl^^- S.>i H^t^e} <3<*ofl ^tr^. ^(alternatively), #7l *1*I<y- °J 

€ ^eflol Sfl^ ^ $XJL, ^7) JL&<& ^3\S_ °§<$2] 3-#<& 5L 

<28> ^T-7] ^71 JL^d" TflojH ^ #7l sflJEL ^<g<SM- ^*Rr 3£r «V.£ 

*)l7l#o} Qx£ ^6\) ^7] JH.^ 71HH ^>2r^ ^^Rr ^"71 3^7} 51$.<& Tfl 

o]H ^3 ^7]^ ^-7} ojc^ ^cq ^-7] tiV£^7l^ f) 

nf. ^71 2,71 Jl*}^ TllolH ^>5^-JL5L *§>^ ^ 9l^. 

<29> #7l nf^H 511^*^: #7] 2.7] 7^1 o]E ^cgnj- ^-7] sflc ;g<£n}- 

* ^ V tt «K£*11 71^:^1 ^Hl P}i3?|t ^^}J1 ^7) 3flB^ 

^ ojt^.. #71 Df^a^ *>s. p>^a^- ^ 

^SllS. ^#^17H ^ olt]-. ol ^-7] ^fJf <5>t= n[A 5 n^ # 

71 27l JL&<& TllolH ^<g^- ( ^-71 SflJEL ^o^nj- ^ ^ til-JE^ 7] #ofl tfl*}^ ^1 z[ A} 
^ *fll #^^3. m$*\±= W>^^>J1 ( AV 7 ) ^>tL P>i^oV^. ^ 

71 #5^171^1 cfl^H ^zl- A]B«yll- ^12 ^°1 w>^3l^cl-. 
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^-7] *)U #^g^ ^Sl-^S ^ #7l ^12 

*t°.3. *§#^ ^ $Xk±. 

<30> S nf^. « 0 v^ .^(alternatively), # 7 1 S>J= # 7 ] 3-7} JL&<& TlHH. 

&<&*k. 5fl= ^<^nV ^ # 7 | ti]-£^]7l^o11 tfl^H ^ ^ ^^l* ^ 

*Ka single material layer)°-S. %*&Hk ^£ #7l ^5l€- 

o.S. *§->§*\^ 3J°1 w>^^>cf. 
<3i> # 7 1 afll ^ A]2 :fc*J-«-Bj^-g>8: #7l ^ *fl2 H^l^l tih£^7l 

^ 3^ -^Hl ^7) ^Ir-g- ^4-^ ^^^-8- ^^Sl-ji, #7l S>j= p>ia sfl 

<32> # 7 } ^! ^ ^ 2 ^7>^^dV # o. ^A^} 7 ] ^ofl, # 7 ] ^1 ^ *)}2 B^^l ^^1-^ 

t^s}-^ ^-^.(additionally) ^ 

<33> #71 7-1 TflojB ^<3^Br i^^^S *g^Rr W>^S>Cf. 

<34> d M-OV7M, #7] 7-]*i<y- TflolH ^<£^ ^ ^"71 JL^ TlH E ^<£^ 

#ofl Zj-Zj- #7) ^<3<^ 7}3_*}^ 7<\#<S TflolH ^ #71 ^112 ^#<^§ 

^ 7}S^s^ jl^o}- TllojH *1^8- ^#*Hr ^ Cl ltt4. 
<35> cfs. aj.^ .^(alternatively), #7l 7^<y- tIMs H^r ^f-fr 

TlMB 2)1^ ^ #7l Jl^ <3^-8- ^1^1 TIMS s)]^^ «§#*Hf ^uzf, #71 Jf-fi- 

711 °1S 5fl€-l- ^ #71 nflo] Tfl °1H SZfl^^r ^^71^ ^ #ofl 711 °1B #7V^ 

^ ^ S^-g- ^VellS. ^#*H= ^4, #71 51^, #71 TIME f^^c^, #71 
^TflolB ^ #71 TJfl^ TflolH Sfl^-i-g: 3JflEl^^ol #71 7^<a- ^6\] # 
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71 2)11 <^ 7}S^2b ^HTllolH ^Ir^ O^S]^ # 7 1 ^HTflolS 

£ ^71 ^^<y- TflolH *>°H 711^^ ^TflolHl-^: #71 31 

^<H1 #7} A}2 #^^^*^r 7>S.^1s^a-1 ^jg. TllolB ^# 

<36> ^ ^7l ^1 ^ *fl2 H3!*l ^^^>7l #7l 

3 4H1 i3flolA^^- *§#*Kf- ^O. ^ ^ Ol^. O] ^^), 

^71 *lll ^ A]2 H^l^l <g^«-£: #7} d}a 3 sfl^i^ ^ #71 i3flol^s.^. Alz| 

4^3. *S *}-§-*H #71 «>£^7l^:-i- *\^<L£.^ *§^S\3L, #7l ^H^S-^ # 
71 *fll ^ ^2 ^>^-2l^#^- ^*}7l ^ofl ^Tl^Cf. 
<37> MJ-^o} cfs. o^Eflo]] rcfsTg, cf^ 711 olH ^£^1^>7> afl^l 

t}. #71 Hj^^li^m <^ ^ ^^-i: ^ «iE^7lt|- ^HIW. # 

71 7^oj- cgctf ^o] # 7 j tiVE^l^ ^^^^ofl ^--g-Bl^ol Hfl^SlJL, #7l 

Z-^Q *fl^ #71 ti>£^7l^;2l i^^Hl *fl2 4l7>^-Sl^-ol ttH^l^Cf . #7l 1 

^ A}2 ±.7\^ u -\^^r *U ^ 2112 t^tb^. #71 2fll ^ *fl2 %# 

cg^S. #6|J z|zl- Tl^og- 7j]olH # 7 ) ^£0}. ^olH ^^iLi} ^£ 3L& 

TflolB ^<3^1 ^"71 ^12 ^7>^-5lB]-2l #-^(top surface)^- ^7} JL# 

•a- TflolB ^f^tf fetf. nJ-sM, #71 JI?i<y- 711 olB ^ ^"71 ^12 

^M-g-sm *H°H #*H^(step region)7l- ^2]]^. #7] ^BMH^r JL&<& 7))o]B. 

^71 ^12 7l-#7>el iSVil- ^M-^ ^2l#O.S.^fEi olSf Ol ^ #71 

2II2 ^V^-sl^ Wcx^ ol3£ ^]^oi] ^^1^4. 
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<38> d q-o> 7 H, £ ^7} *i3i«g- Til °1H ^Ml 711 °1H # 

^ g ^"71 JL^ 711 olH ^Ml *§^€ ZL^^ 7flo]E S.^t\-. ^"71 

TflolH ^"71 *fll %^<£^ 71-S.^Hjl, # 7 j Jl^og- ^ojB # 

^ ^71 ^2 %^<^^^ Aj-jf-g. a x\. 

<39> ^ (alternatively), ^7l 7lHB Q<&^ 

^l^TllolB 31^-, #7) ^l^TflolH ^ ^ #71 T^'S" ;g<£n]- a^oI] 

^--B-TflolH, ^"71 JI^ TflolH ^<£<2]- ^ofl x>^S uflo] 711 °1S ^ ^ n-ln] 

7flo]H 3 3£^-m ^ 91^. A oM ^HtIIoIe ^^.o. ^. 7l ^ %Ajc§<*o} ^V«-§ 

7^1s ZL> ^-71 nflo} TllolH ^o. ^ *fl 2 #Aj ^ <*j °] ^Jf^ 7}^-^. ^*V, 
^"71 ^TflolH ^ Aj- 7 ] ^C^^olH ^ A>ol«q-'^-7l p||o1 TiMB £ 
TllolH ^ A>olofl^ 711 °1B f^V^^fC] 7fl7fl^Cf. 

<40> o]ofl D^H, #7] *)1 1 ^7>^-e)B> ^ -£7l te^l7l^: A>o]^ #7] *fl2 4i7>^-e] 

n ^ ^r£^7l^ AfoHl «lA];5l-nVol 7 fl^^ ^ 

jg. ^M", -g- ^^S|c^^^ ^AHlS-c^l <%JL ^Bfl 

*r ^-^7H7fl A^Vo] ^-g-^ - oX$m f>} 7 ] 

afl^SM^Tf lE^l-oll ^<H^, & ^ ^1^ 7]is}7) 

$\f>}o$ 3\-^o]^\ ^olcf. a^, #°1 # S&^cr 7^ "^V»ofl ojcfji o^^-^o^^^ 

H^^r ^ # SL^ 7)& ^o\) ^ aa7| l| SL^ ZLl- A>ol^] ^3^ 
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#°1 7fl^M ^£ 3*W ^^ii^- ^ .fi.it- 

<42> £ 9 vH*l £ 13^ ^-^o] ^ ^Aloflofl o]--g- aVE^i^r^ a^H^-i- -g^r 

<43> £ 91- ^-S^, x\&<& ^^(C) ^ Jl^i 0 ^ ^^(D)^- ^ tiV^^ll 7l#(51)-g- § 

«1^=K #7l <3^(C)^r € <^M ^^l fl^S, #71 ^(D^S: ^ 

<£s]S. ^^9] jl&<& s.^ H^li^l ^^°fl «fl^^. °l£Hr ^el, #7l ^-y- <3 
^(C)^r ^^-S.^ S.i H 39*1^3 #7l aVE^l^ 

(51)^8: ^Sl€" ^IH^ ^ #7l 0>£^l7m(51)2l ^ #6fl 2^1 JI*1<# TIMS 

ll'fW initial high voltage gate insulation layer; 53)# *fll ^M1(T1)S. ^#tb^-. 
#7l 3:71 Jl^<y- TflolH ^^^-(53)^8: 1#5}-^-JlB ^#*Hr ^ °1 §>rf . ^"71 

411 nMKTl)^ -S.^-51^ ^-^mcf €■ hV^^IW. ^1* 400 A 3 

^11- ^ JL^°0- TflolB A^-£lfe #71 afll ^TlKTDfe 450A ifl^l 

500 A 51 ^o] wV^-al^. o^, ^ AlZl-^-^ojlAi ^-71 2:71 ul^ Tfl 

olH ^<g^(53)ol ^ 5a 71 m^^lcf. 

<44> >fl^r*(H, #71 -H^^ 7)1 o] E ^ <£ ^ ( 53 ) * Jfl^SH #7l ^ 

<8*KC) vfl<q #71 ^£^171^(51)* ic#Altltl-. #71 ^71 Jl^tf TflolH 
^^^(53)* 3flE^^>7l ^tt #71 JL&<& <3^(D) tfl^l #71 2:71 3.£<£ Tflo) 

B 7 i^sl-(53)-i- ii^r iSeflxlAE 2fl^(£Al^l *g^*Kr #71 i£efl 

^l^B SflBi-i- *}Z)- D}i3S ^->-g-*H #71 ^(C) ^ #7) ^7l Jl^<y- Til 

°1B ^^^-(53)^- #71 iSefl^l^H afl€* B^*>4. 
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<*|7H, #7l 2:71 Ji^og- ^olH ^^(53)* ^*Rr ^ ^ r -§-*r 

<45> # 7 1 7-1 <3^(C) ^ #7l ^£^171^(51) #°fl ^<£m55)* ^ 

^-71 5(1= ^^^(55)^ ^- 7 ] ^^(TD^rf gj=£. *j|2 ^^11(T2)S *§^*Kr 
w>^W. #7] afll ^l(Tl)7l- 450A<?} #7l *ll2 ^*H(T2) 

100A^.cf ^ ^Jo] H>^^>cf. jEtb, -SM sfl = ^^^-(55)^r l^s}-^ 
^ 3°1 w>^^>nf. # 7 1 5fl= ^^(55)^8: ^*Rr #7l JL&<& <3<*(D) tfl 

<H1 1^5}^ #71 2:71 JL^ TllolH ^^51(53)^1 ^1(^, #71 ^11 =-7ll(Tl))^ 3 
711 ^S^l ^nf. Cl^ ( #71 2:71 JL#<& 711 olH ^^(53)^ §7floll 7l<*}*H # 

7l Jl^^ <3<3(D) vfl^ «V£ 31 71^(51)^ #SH§r(oxidation rate)^l *fl-?- nfl-g- 

<46> #71 3)1= ^£s|-(55)°l ^g#^ a>£.^7l^ ^ #<H1 ^f-E- ^a^-(60)* ^ 

#7] ^>= n>^H^|(60)^ lower hard mask layer; 57) ^ # 

^>f— ^H^C upper hard mask layer; 59)* 3f^l7H 91^. °1 

^^Ml, ^"71 ^ §>= o>^a^-(57)^: #71 3fl= ^^^(55), #71 2:71 3L#<# 7)}°] 
H ^<£^(53) ^ #7} tiV=.*fl7l#(51)c>ll cfl^ #z}- Alkali- ^ ^ U ^ 1^0.5. ^ 
^*Kr 3M aV^^Jl, #7l #^f s>= n>^3.^-(59)^ #71 ^5.^71^(51)^1 tfl*H 
Aiz| AjEflull- l-^nj-o.^ *§#*Rr aV^^l-cf. ^1* -l-^, #71 *fll 

^ ^2 2^ ^sj-^- ^ -^el^ #5^0.5. ^ 

<47> ^51, #71 *>= 4^a D -|(60)^ #71 #71 3fl= ^^(55), #7l 27l JL 

?1HH ^<?!^(53) ^ #71 «V=.^l7m(51)^ tfl^H ^z}- ^i^wll- 
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£fe ^ #^^ v (a single layer of mater ial )°.S. %<>£^t tS. 4^1 # 

7) 4^3.^.(60)^ #7l ^ ^ 4iH^(57)te *&<%^ ^ ^4*1 °- 

3-, #7] #^f n>^a.sV(59)-g- ^#*Rr ^ 

£ 10* ^S^US, #7] V\EL n}iH^(60)-g- 4^rX|^ p>^H. XI 

€#(60a)* ^§#^4. °H ^2r, #7l sfl^-i-(60a)^ *>3flS 

^ ^ = sfl€(57a) ^ #^ S}^= v}^3. XI 59a) £.5. ^-#s| 7] uj- #7l 

«. p>^a xm^a)^.^. -T-^^tf. °1<>H, #7l «5>JEL 4ia xm^-(60a)* ^ 

Zj" *r-8-*M #7l ^7] ZL^<y- TflojH ^£^(53), #7l sflJE. ^^^"(55) ^ 

#71 *K£Xl 7^(51)* 4] Zj-«H #71 *l*l<y- <g^(C) ^ #71 Jl^oj. <3<*j( D ) iflofl z}- 

^ XU ^ Xl2 <8 3*(61c, 61d)-g- ^#W. #71 XU <3^*(61c)£: # 

71 7-l^«y- <g^(C) ^flXl XU «-#<^#(63c)* ^*rJl, #71 X| 2 <g^#(61d) 
£ #71 jl^oJ- <3<*j(D) ^Xl X| 2 %#^^#(63d)# ^^4. #7l XU £ X| 2 
^^€•(610, 61d)-i- £fe ti>£Xl7l^ <I#5}-Al7lcX ^-7) XI 1 ^ Xl2 B31*l 
(61c, 61d)3 uH^#(inner wallsHI ^#2r^-(65)# ^*Hr 7 A°\ 4^W. #7l 
1#S|-^(65)-i- ^#^1 sftxfr ^7} XU 3\ XI 2 H^^l <8^S(61c, 61d)* 

*}tt XU ^ XI 2 H^l «3^*(61c, 61d)2l tfl^^ofl 7>tfl^l ^4 ^#* *l-f}-** 

71 ^tr ^-aj *H€4. 

3E. 11* #71 XU ^ XI 2 H3!*l <8^*(61c, 61d)* «>iEXl7l^ 

SI'S #°fl ^^^-* ^#tr4. #7l JL^S. #3*2L*> #5)-^ 5E^r -H^r #Sf 

^(high temperature oxide layer; HT0)4 ^-^r CVD(chemical vapor deposition) #5r^ 
^#*>fe- ti>^-3isr>cl-. atr, #7l #7l XU 31 XI 2 B€*l <3«3-i- 
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(61c, 61d)* ^fl-fS^- *3-S*Hr ?A°) w>^s>cf. #7] n>^a aflUl- 

(60a) <>1 nfl^l ^-71 ^<g^* ^sH^H #7l afll ^ ^]2 <8^# 

(61c) iflofl AA *fll % A2 ^7>^-e|^-l-(67c ( 67d)* <g^*=r. #7) 

= ifl€#(59a)^r ^71 711 ^ *M ^ ^ 5£t)-. £43 , 

^•71 *}JjL gfl^-j- (57a) ^ >8-7l ^7l7fl^ <£*}^ ^<?> 

(polishing stopper layer) tr^r. 

£ 12* ^-71 sj-Jf s>£Lpj-^a. 3fl€l:(57a)# tl^ -g-^ (phosphor ic 

acid; H 3 P0 4 )-g: * r -8-«H ^^-£-3. aflTlsH ji^<y- TflolB ^^(53) ^ 

>S-7l sfl= ^^^"(55)* ^"71 ic^^ sfliEl ^^H|-(55)4 ^|7l«r^ 

^-71 ^1 *^<8«*#(63c)* kfAltl4. °H A o v 7l *fll 4i7x>^-5l^-#(67c)ol -4 

^ sa^. ^ £4, ^ 12^1 ^-oi ^|1 i7>^Bl^l;(67c)^ 

7H>7>si <g<*#ofl <3^!«(69)°1 ^ ^H-, ^*HHH , ^-71 iffl 

H <3^#(69)^ #Hfl7l#ofl y^H «*|*| ^ 3H=4. O]^, ^-71 ^7>^- 

5l^t-(67cH 100A nfl-f ^ <#7) sfli= ^^^-(55)* ^l7l*>^ 

^oj-cfln]- ^lZ|^7l ^fl^- 0 !^. 

^"71 ^71 3L&<& TflolH ^^(M) £ >*7l 4|JEL ^<a^(55)ol ^Sl^ -tV^, 

^ l^rSr^S. ^£ 3-^, ^-71 4)= ^£«K55)£- ^-#^-2}-^- ^-g-^ (buffered 
oxide etchant; B0E) SE^ Ir^-g-^ (hydrofluoric acid; HF)4 ^ ^zH*-^ 
(oxide etchant)* *}-§-*H A?\ € ^ °H , #7l 2L7] TlMm ^A 
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(53) «W ^z^ 0 ! #7l >H12 *-S<8^*(63d) ^Hl #7l *)U ^(Tl)Jm- ^ ^3 
*H(T3)1- ^ 7fl°lH ^<d^(53a)c>l 

A o V 7l *fll ^ *fl2 4l*r*2lW(67c, 67d)^ #-f^#£r -^-71 2:71 Tfl o] E 

^^(53)^ ^^ticf ^ efl^ #fetK <4e}^ ( # 7 1 2^ jl&<& tIHh ^<3^ 
(53a) ^ 4>7l ^2 i^r^^M-^d) AHofl l"(step regions; F)°) ^^tb^f. 

#7} *fll ^ ^2 ^1-^-^^(670, 67d)£r #7] sfl:EL ^^^"(55)^: ^7l^ ^ 
t> ^ ^cHr^-S. ^^^(vertically and laterally etched)^. , 

^7} ^lr(F)^: ^"71 ^12 %^^#(63d)5l 7\^7\^\ 3t1f(E) ^ ^ *l^S- 

(positions over the edge regions)^-^ #7] 7H>7>e) 3^-i-(E)2l- #7l *fl2 

i7>^-em-#(67d) vflS. ol-^^rl-. ^21-^o.S., ^7} Jl^<y- TflolB ^^^-(53a)^l 

n o^o} ^. 7l ^ 2 ^<3<*K63d)iL4 s.^ ^cf. JEth #7l aflU ^ 
«S^-(55)# *fl7l*Rr #7] z\}2 ^^f^-sl^l-(67d)^l 7>^-7>e)o 1 l o]n]^. eg 03 

^3*1 a^btr. #7l ^7l Jl^^ 711 ^IH ^^^"(53)^1 -S-71 5fl= ^^J- 

(55)ofl al*H ^ ^^71 nfl^olr4. 

JE 13^- ^-S^, #7l *fll %#^-i-(63c) #°H #7l ^7l Jl^U ?1HB ^ 
^(53)iq- g}=£r Tl^oj- TflolB ^<a^(71)^r ^^tr^. # ^ ^*)13 #7l 
Tfl^m ^^^-(71)^: ^"71 s)^ JL^ 711 ol^ ^<?l^(53a)iU} SLtr, #7l 7^ 

^1°1H ^^D^r ^H^iLS $#*rfe o] T^ofl, #7l s)^ 

TllolJE ^<^^(53a)^ ^K^r, #7l *113 ^l(T3))b 7^9] ^rf. 

#71 Tflol E ^<g^-(71)# ^ ti>£^l7l^:Sl ^ ^ ^1 ^^tf. 
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<54> #71 ^(CH *2fl^| ^lS-Bl 0]Z]}0) c§^6fl ^t\jL #7l JL 

^^(D)O] #7l #Efl4=l BflS-Sl ^5)5. ifl^) 3.^ B^l^ 

<^°fl Sfl^Rr ^-fofl, #7l tJHb ^£^(71)^: #71 #2114=1 ^2-^1 ^ 

E^^^Hl «fl^-^. o] ^-fofl, #71 *fll 5.^* 3JflBl^*H #7l afll %#^^# 

(63c>* ^ jmmmh ^ #7i jl£<& ^^(d)# ^l^i tiioib nm^ $ 

#7l -f-fMHH ^flUl- ^ ^1^ 7il o m sflBi* ^ ti>£^l7l^ #ofl 

^1 0 1H ^?Hl«3iW75) ^ *fl2 S.^* *MlS ^#^. ^H^, *fl2 Til 

°1B #7>^<a^(75), -f-fMlolH ^fl^l- 3? 711 °1B ^xfl^i^r sflE^*H #7l afll 

«-^^^#(63c)2l #^-1- 7>S.^5^ ^HtIIoIH ^^"(77c) ^ #71 ^HtIIoIh ^ 
(77c) ^ #71 7^«g- TllolS ^<S^(71) A>oHl 7 fl 7 ll^ ^7llolH#(73c)* ^#3:4. 
°1^- #71 <3^(D) iJH #71 *fl2 «r#<S^(63d)Sl #-¥-€■ 7>3.*l=ia*l 

*>3fl3. oflol TflolH ^(73d) % Clnl TllolH #^"(77dH 

<55> ^Q, z\£<£ ^(CH «HS.Bl i*Knon-memory device)^ S.^ H 

^fl^l^Bi <3^1 sfl^-^Jl #71 jn^oj- <£^(DH #71 tiHS.sl 4i7>^ jl£<& B 
^fl^iE^ cg^ofl Sfl^ig, #71 afll jflE^^M #71 *fll %^^^#(63c)^ 

#^f# 7>5-^}s.^ *|#<g- TllolH 13S1 73c) #71 af|2 #^^^«(63d)Sl # 

Jfl- 7>S*l=^r jl^oJ- 7)1 olH 3^(5. 13^1 73d)* ^tb^. °1 ^-f°fl, #71 7ll°lH. 
#?i^^^-(75) ^ *)12 JE^Kg- ^*Kr ^^cf. 

<56> 01*11, M^cq ^AHlofl ^is^ ^l^i 71-21 ^^§>7lS. 

<57> £ 13^- cfAl ^S*}^, «>£^1 71^(51)^: <3 <3 (C) ^ JL&<& ^ (D)-g- £ 

^4. #71 7-l^oJ- oJ<*( C ) ^o} tiV£^7m(51)^ 4^ ^^-l-^l X| 1 ^7>^-2l^- 
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#(67c)ol *§^€^. SE^, #7l JL#<& <8^(D) vflo} # 7 1 ^>£^l7m(51)^ 

1-^1 *fl2 ^^Hl^#(67d)ol ^^€4. ^71 afll ^7>^-^^-#(67c)^- #7l 7^<y- eg 

«3(C) vflofl *fll %^^^l-(63c)# tb^^>ji ( #7l *|12 ^^e)^-s.( 67d ) o. ^ 

# ^(D) ^2 %^<8^S(63d)-i- #71 ^1 «-#<^#(63c)£- 7^<y- 
7fl 6 lH ^<3^-(71)o.3. m^^l^. ^7MS, #71 A]2 #^^^#(63d)^r #7l 
^&<& 711 °m ^^^"(71)^ TllolB ^^sl-(53a)^-S. S^^l^. i£*V, 
#71 *fll g *fl2 ^(67c, 67d)3 #^-^#^ #71 7-]^<a- TflolH ^£^(71) 

* Ji^<y- TflolH ^^^-(53a)^1 tf^SJH} ^ efl^ofl ^^1^. ^4^o.S., #7l 
alSltf TflolB ^^^(53a) ^ #71 ^12 ^7}£-e] *M-(67d) ^>«-^s(F)o] ^ 

#7) ^-7} ^-^l-(F)-^ £ 13«fl £A]^ w><2f ^-ol #71 *fl2 *^^^#(63d)^ 7} 
#7>&) Sui#(E)-i- ^^1^(79)5.^-^1 #7l *M^&(79)3|- o]^*V # 7 1 ^2 

i^£l D -i V t(67d)l: ^l-ofl cfAl ^A-l, #71 5L&<& 7\)o] 

B ^^^-(53a)^ #-¥-^^8: ^71 Jl^ o 0- TflolH ^<g^(53a)^l Sl-M ^^l^r #7l *fl2 
«-^^^(63d)^cf c-1 ^ ^-§- ^cf. JEth ^"71 ^H^lr(F), ^ #7l *fl2 di*> 
£-e^!-(67d)^ 7>#7>s] ^^#^r #7l TllolH ^^^-(53a)^ #^-M- 

TfflH ^^(B^l^ <^^#)£ ^1 o)6\) a>^, #71 ^fll i7>^-el 

^■l-(67c)^ Zll-Sl 7>#7hEl ^^#oll ofle cg^s.^. 7 ^ ojtf. cfA] 

I^IH, #71 *fll ^7>^-^^-#(67c)^ 7>#7l-e) <$<X^£r #71 ^ E ^n}- 

(71)^ #^iiq- vM- ^ 5M. 
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«fl^m ^"71 *fll %^«^^l-(63c)* 7}3.^ii] ^l^TllolH €^"(77c) 

ol Wfl*l£U ^-71 ^o]7flo)H #^(77c) ^ ^-71 7flo]B €<d^(71) A}o|o)l 

7lMB-I-(73c)°l 7fl7fl^Cf. ojofl d«H t ^1-71 TlM B ^^^"(53a) <M #7l 

*fl2 «^<^^(63d)^- 7>^lSTg^ v\)o] ^1 ^^(73d) ^ eH Tflo] 

B ^(77dH sfl^4. ^71 «-a-7flolH#(73c) ^ f^s}^ ^H^HH 

^^-(77c) ^-71 nfl^l TflolH ^^-(73d) ^ #7] TflolH #^-(77d) >M-°H 

b TflolB #^^n|-( 75) ol 7fl^^rf. #7l Jl^<y- <g^(D) vfl , #7l C]Dl Tfl^lH 
3^(77d)^r #7] ^ TflolH ^(73d)3 #^3)- 3]^ 34^- -si ojc^ 

tt^, #7l ^(CH ^HlS.^ ±7}°) 7^<y- 2.^ H^^l^ <3 ^1 ^ 

^JL, ^-71 Jl^^ ^^(D)ol ^7} V}v\]S-?l ±-7} 9] JL#<& £i B^l^i ^^l 
^^V^, #7l TflolH ^<a^(63c) ^Hl #7l z}- *fll #^^^#(63c)^ 

7>S^1 7^<y- TflolH 13 o] 73c )ol afl^JL #7l Jl^<y- TflolH ^<S^ 

(53a) >5H1 #7l *)12 #^<^(63d)^ tf-f* 7>S^s.^ Jl*i<y- ^1°1B ^CE. 13^ 
73dH wfl^l^cf. °1 ^-f^l, #7] 7fl°lH #^<a^(75), *)Ht1HB ^ 

(77c) ^ cM 711 ^(77d)^ 5LtsH &tt4. 

^•71 ^11 ^7>^-^S]-S.(67c) ^ ^7l tiV£^7l^;(51) ^HSl)- ^7l *fl2 ^T^ii} B]- 
#(67d) ^ #71 «K£*ll7l^-(51) 1W2K65H 7fl7M *r 5^. 

£ 14 xfl^l £ 18^: ^2 ^AHHl o}-^- ti>£^ldL7>^) ^Hj-^-g. A^*}. 

71 ^^£#014. 
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^^(D)* ti>£^ 71^(101) ^H) *fll ^1(T1)» 3:71 JL&<$ TflojH 

^^^•(103), ^-71 afll ^(TD^cf 4£r ^2 ^1(T2)» 5Hr = ^^^"(105) ^ 
— o>^3^(iio)# ^^^Vcf. D>iH^-(110)^r <#7) afll ^Aloflij- wj- 

A>-g-*M ^tH=K ^1 ^SJH, >y-7l = D>i3^(110)^: ^ ^ 
(107) ^ ^ SKEL c>i3^(109)^r *>3l5- ^^^14 #7l ^ S>= p> 

^a^-(107)^S ^i=f. 
<64> £ 15* ^-S^, %7\ ^H^-(llO)^ ^]E]^*H A o V 7l X\*\<& <8^(C) ^ 

4i3 3Jfl^i#(110a)^ 44^: *V3l5. S}JE. 4^3 sfl€(107a) ^ # 

«. D >^a ^H(109a) ^Sl^tf -# 7 j ^ *>H. d}a 3 sfleiCH^a) 1 ?]: ^p- 

^€ ^71 ^ ^^^(iiOa)^ ^*]* ^oHl i2jlo]^s.(in)^. 

#71 ^lol^^-(lH)^- Aj^S Aj-^nV i£i=, ^ SiCf. 

A oM P}ia 2fl^#(110a) ^ ^5fl°l^l-(lll)^- ^4 n}A 3 f S AV-g-^M ^V 7 ] 

sflJEL ^<3^(105), ^71 Jl^-y- Tfl^lH ^4(103) ^ *K£*fl 71^(101)* ^4*H ^ v 
71 7^<y- <^«(C) ^ <m(D) i4H 44 3? ^2 ^^l-(113c, 113d) 

<65> E 16* %^>^ ? <%7] i*0°H*(lll)-fr ^lTl^Vcf. ^-71 i^ol^-i-dll)^ & 

a o v ^l-* *>-8-*M, -8-71 afll £ ^12 H^l^l <g^»(113c, 113d)^ 1*>3^ 
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(117)^- ^^*>J1 ^7) Al % A2 B 3*1*1 ^^l-(113c, 113d) *IU % *«2 ^ 

*>3reJ**Hs-(119c, 119d)-i- °H1 *>Jf sfl^-§-(107a)°l 

°1 #7] afll ^ ^2 %^<3«(115c, 115d)^ 7H v 7>el ^-t^ 4 

A £ 16<^1 £^1^ w>s>f Qo] #7] afli ^ 2fl2 ^7>^-e)^#(ll9c, 119d)ofl 2\n ^^^1 
i}. ^, ^7} 2IU ^m^^-(119c)^ ^ <3^£- ^"71 afll H*ffl*l ^^(113c)^.q- ^ 
^ ^ 4 v 7l ?\]2 ^me)^-(119d)^ tf-SjL #7l ^2 B^*l ^^(113d).a. 

<66> i 17^- ^S*}^, ^-7} ^>=p>^3L 2fl€l-(107a) ^ #7l sfllE. 

^(105)-g- ^-7] afll ^Al^sf ^^tb ^1~§-*H ^Tlt!:^-. ^ ^4, ^71 7fll 

«-^^^l:(115c)ol ^#5l^, #7l *112 «-^^^l-(115d) tfofl #7l 2111 -^-TlKTDlitl- 
AS ^1(T3)1- ^ 3L&<& 7\)°)^ ^^mi03a)ol o^, # 7 1 ^ 

2 ^7>^-em-(H9d)^ 7H>7>e] ^^Ir-g- #7l ^1 1 ^7}^ ^(119c)2l 7>^-2>el 
cg^l-oll 0^*1 31 H <3^5L ^£)*1 S^r4. ##3: w}^ ^-ol a o v 7 ] sflc ^ 

^"(105)* 21171*1-71 *H1 ^1-71 2)U ^ 2112 #^^^#(115c, 115d)^l 7H>7}e] <g*|-I-°l 
^•71 2IU ^ 2112 ^7>-g-el^"fr(119c, 119d)S. S^Tl ^71 m-£-ojch 

<67> £ 1 8 ^. %l-S*>^, ^>7l sflJE. ^<?!^-( 105)^1 211 71^ ^^171^ <i^2M7H ^ V 

71 21U «:^^^S(115c) ^Hl #7] 2^ jL^<y- TllolH ^^^-(1033)^ *\&<& 
TflolH ^^^-(121)^: $^t}. ^"71 7-1210J. ^olH ^<g^-(103a)* ^-£^71^ 

^ 2lU Si^SM; ^7l 21U £21^ aflE-l^^l-^ ^-71 ^1 ^cgcsj-g. 

(115c) sl 7}^2ls^ 7-1 #03- Til olH #^l-(123c) ^ #7l ^12 ^ ^#(115d) 

^ ^» 71-S.^s^ ji^cy- 711 o]e ^^*(123d)* ^^tbcf. 
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<68> cf=. yj-^ .^(alternatively), H^<*| H*l*>*lfe #5**1 <$7] ^1 ^Hoflsq- 

JL3}-] 

< 69 > ^-ol ^Alofls-ofl ttfe.^, ^o]£ iflSl ^}^r 

^ aL*ltt S-^ ^ ojofl C^H, 7^<y- ^o} 

^>^-sl^ 7>^>5l <^^#<H1 €B <3^»oi ^^1^51, ^-71 ifflH cg«s.o| go] 

1- ^sW^ ^ ^14. oiofl t,^ o]^*v 7;^<a- TiMH A>o] ^s. 
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HHl^^] 

#7l 5L&<& °m iflSl #7l ti>i^7l^- ^ #7l <g ^ #7l «VE.*fl7l 

# #°fl AA ^71 al^^ 71MB ^ #7l ^7l Jl^i^ TiMH ^ n^-jy. g^c. 

#7l sflJEL ^ #7l 2:71 TflojB #^1 4^r?fl^ *>^- 4^3 

#71 *>JE. *}^H ^z]" 4i3S A>.-8-*><^ #71 SfljE. ^<£^\ #7l i7] 

Jl^^ Tfl^lB ^<3^ ^ #7l ^£^171^ ^Z^*H #71 vflofl %# 

%^ ^ 7)} i b^m <3^i- ^ #7i ji^i<a- iflofl ^12 tb^ 

#7l *fll £ 7fl2 B3!*l AA A\\ % A]2 ±A^A%^r *%^is\jL, 

#7l P>^3 3fl^# % #7l 5SflH ^<ge|-# ^7l*>^ #7l afll ^ # 

71 2,71 TflolM ^g^* ii#Al 71 31, 

#71 afll %#^^1- #<H1 #71 2:71 7]} Q ] 3= ^^^4 ^ *1 £ ' 

XMB ^o^-fr ^#*Kr i^Rr ti>£^ll4l7>Sl ^S^. 

[3 ^8" 2] 

*ll l 1M1 sa°i>H, 
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<#7) ^£<& Z\£<& 3-£l B 3**1^1 cg^ofl *fl#S>JI, #7] 51?\<& ^^o. 

[37* 3] 

*fl 1 *<=>fl 91°]*], 

^. 

[37* 4] 

*H 1 *4| 

^7) ^7) JL&<£ 7])o)B. *4<£n ^ ^"71 3flj= ^*Rr 3£r 

*7l ti>3E^l7)^ ^i^l ^7] Jl^tf 7flo]H -tl-^^-i: 

*7l tflS] Aj- 7 j 2L7\ JL&<& 7flo]H -M^* ^3 *fl7^H 

*7l ^^<?J- <£<3 iflS] ^-71 «VH^l7l^ 9}JL, 

#7] Z\&<& ^ ^ *7l BL7] 5L&<& 7\}o)3. &^o) Z\}>)& 1 
>^5|-Al7l<H ^7] «V5.^7l^r >S-ofl *7l ^71 5L&<£ 7\] °] H ^ Sfl 

[37* 5] 

*H 4 *«fl 5ft°H. 

H^iL7>o] ^||S*^. 
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A l *<HI &<>H, 

^Hl *>^. o}iH.5M- ^^Jl, 

[3^3" 7] 

A 6 *cHl 

7H ^^Rr ^-^^-S. *Hr y>£^l4i7>^ 

[^^8" 8] 

^1 6 iHl 5a°H, 

^■7) P>^a^^r <#7] 3,7) JL%\<£ ?)}o)^ ^7) sfliEl ^ 

7A^r ^SLS. *}±r ^S.^}^}^ afl^ig . 
9] 

*fl 8 ^1 &M^i, 
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^7) *fll ^^*>Jl, A o^l *fl2 

H^fe 3* ^ 5}^ ij>5=*|)i;*>^ ^l^tij-^. 
[$^r 10] 
6 

i&JE^MjM tfl*}-^ ^z^- ^d^jyll- #^e|(a single layer of material )£. 

3. ^S^Rr 7 A^r 1RJ a]:£^^7>^ ^2^, 

111 

*H 10 1H1 91°] *\, 

^7} 1-^^ ^51 €• ^nj-CL^ ^ o.s *Rr Sh£*fl^*r^ 

[^t 1 * 12] 

^1 l SZ^H^, 

^71 *fli ^ ^12 ^v^-ei^-i-^ 

[3^*8- 13] 

*fl 1 ^1 5^*1, 
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14] 

#7l 7m<& 7fl°lH ^n^g- ^a>^dVo. s ^SRr 3* ^°-3- *}Sr ^-£^1^ 
15] 

*i| 1 %H1 5^*1, 

^■71 ^^oj- TflolJE ^ ^£.^)7l^ ^ -tfofl *fll H^-fr 

#7l ^11 JE^^T SflE^^H *1U 7>S-*l=^r Tfl °1B 

3^" g ^"71 ^12 7>S^1 s ^ j7^oj- TflolH #^h8r *§^*Rr 3^ 3 5L 

16] 

-*7l 7^<y- TlHH £fe «V£^l7l^ ^ #6)) ^1 

-31, 

#71 JE^-fr SflE^^C^ #71 afll tf^^** ^"B-TllolB Bfl^S. tfl 
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#7l JjL-frTllolB £ #7l nflo] A )o)^ ^E^^ »V^}7]&2\ ^ 

#ofl Til °1B f^S^ ^ A2 *>3fl3. 

#7l *fl2 #7l 7\)o}3. #7M<3^, #71 ^-fMHH ^fl^* ^ #7l *flol 

711 °1B. ^Ell-g- sflE^^H #7l x\&<& HH #71 *fll ^^l:* 7}3,x}^$= 

^HtIMh o>*^^ #71 ^HtIMb ^^M" ^ #7l *i*i<y- TllolH ^<3^ 

^-°H1 7fl7-M J^o^olH^ ^#^}- ^-AHl #71 JL^ vfloll #71 *fl2 %#oj 

7}^H^A^ ^H ^ol TllolH ^# ^ C-lnl TllolH ^« 

17] 

*ll 1 $X°)*\, 

#71 ^1 £ A)2 ^^^V7l *H1, 

#71 S>S 3flEi#Sl ^ta§ #ofl ^^olA^-i-^- ^#*Kf D| i^>5l , 

#71 *U ^ *fl2 H3l*l oj^lr^r #7] *}.EL n}ia 2fl€-& ^ #71 ^M^s-o. Al ^ 
D}iHtS 7>>-g-^H #7l «K£*ll7l^-§r ^#5lJ7 ( #71 ^^olA^-i-^ # 

7l afll ^ ^12 ^^-S^-i-i- ^^^r>7l *H ^7l5l^ ^-g- *}^z]}^7]- 
^ ^lS«o V ^. 

18] 

^i^°J- B^l^i ^ B^M^I oJ<*# ^ a>B^l7l^: 

#7l tiV£^l7mSl #ofl ^71 3L&<£ TflolH ^sf-^-g- ^#*V^L, 
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^&<& S-i B^M^B-I lfl<3} ^-7] ^#5} ti>£^7l^r #ofl ^-71 2,71 

— ^5K\ #7] S7l JL^ TflojB <+3^ * ^-71 aVi^l7l^ ^Z^H A oM ^ ^ 

H«*liB] <^<* iflofl afll tV^s}^ *fll H^l^l ^1: ^ ^-71 

3L&<& S^j^A^ cg<* iflofl *|12 tlr^Rr ^12 <3^-&-§: 

^*>^, 

^71 ^M^-fr *fl7^}jl, 

-#7) ^^olAi-i-o) ^7^ a>3E.^]7l^ ^ ^Hl ^"71 *fll * ^2 H€*l 

^7l <5}.EL p>^H Sfl^l-ol nfl^l ^71 ^S^H #7] *fll 

^ ^2 B3!*l <8^* ^1 44 ^11 ^ *fl2 dt*}£-S)4* ^^JI, 

^o V 7l ^7l Jl^^ 711 olB ^5K V -|- ^#^7]i, 
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#7] afll %^<8^ #<Hl <#7] 2:71 ZL^^ Tfl^lH ^S^iLt} ^ 7.]^ 

[$^J- 19] 
20] 

^7l X-I^oj- ^o} ^. 7 ] a>£^7l^ i^^^^D <S^i)<H *fll %#^# 

#7l 5L&<& vfl^l #7l aVE^l 7l^ ^cg^oil ^12 %^^^^r 

#7l afll #^<g^ 7l€# 7flo]B 

#7l *\}2 %^<3^ #<*fl #7] 7^<y- TfloiH ^s^iLt} = 

^^-i" ^71 ^12 i7>£-Hl^ WSCtop surface)^ #7l JL&<$ 

TlMH ^^^-Cf feJH, ^7l 51#<& TflolH ^ #7] *f|2 i7>^-e|^ 

a>o]^ #*B^(step region)^ #7l H^tf ^1 olH W^iL^ ^ c^^r 

^ #JL, ^7} #*B^^r #71 *H2 »^ ^ ^ ^ 7>^>^ 

^lM-^ ^^^O.S.^-E-1 O]^^ #71 »12 ^7^51^ *13 
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21] 

all 20 %H1 9X^^\, 

#7l 7^<y- TflolH £<3^ #°ll #7l *fll ##<3^,g- 

#7] TflolH ^<S^ ^Hl #71 ^12 ^ ^ ^- 7f5.^1 

TlMH 3 i^sRr ^ °.5L a>S.*11^7>}. 

[3^8" 22] 

^1 20 %H1 

#7l Z\&<& ^ ^^o] ^ ^ ti>£^^>. 

23] 

afl 22 ^ofl 

#7l 7-]^<y- 7flo)B. Ei ^#5l-Bl-<y ^-^^ «V£*ll£:7h 

24] 

all 23 *J-<H1 ^^H, 

#7l 7^og- ^olH %<£^ #^ofl ^#5^ #7l afll $H3<8 3-g- 7}S.y-}^ Z\] 

<H?1HH. 

#71 ^HTflolH ^ ^ #71 ai3l<y- 7flo)E 7^n|. 7 fl £ Jf ^ o] H ; 

#71 TflolH #^°fl ^#£U #7l A]2 «:# «3 <3 ^- 7}Sa]H^ ^ 

°J 7flolJ= 

45-36 



1020030003093 #§J ^7}: 2003/4/15 

#7l *fl<y 711 °1H ^ #-¥-°H TflolH ^ 

» 

#7] Jf-fMMB ^ ^"71 *)H7flolB ^ A}o)6\] 7l)olH 1=1 

[^^••sj- 25] 

31 20 %H1 5a°H, 

^■7] *1]1 4i7>§&]^}- ^ ^-7] a}£^7l^: 7>>ol^ #71 312 * #7l a! 

5131 71 # a>o]o]1 7 fl7fl^ ^#Sl-^-i- o) Sf-SRr ^-fir ^-^^-S «]:£3li7>. 
26] 
31 20 %H1 

#71 ^11 1 ^7>^-Sl^ 7RV*}5l #71 7-1 ^<y- 7ll o] H ^^^4 

^ 33* ^lil3L ^ *15131^h 
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